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Summary 

The  Balloon  Electrical  Environment  Profiling  Systems  (BEEPS),  was  envi¬ 
saged  as  a  sensory  system  that  could  be  utilized  to  obtain  a  vertical  profile 
of  the  complete  set  of  atmosphere  electrical  parameters:  (1)  vector  electric 
fields,  conduction  currents,  and  conductivity.  Other  objectives  were  to  use 
high-technology  in  the  design  and  produce  a  small  system  that  could  be  easily 
launched.  All  of  these  design  objectives  have  been  met. 

The  experimental  objectives  utilizing  the  systems  developed  in  the 
program  were  to  obtain  atmospheric  electrical  data  in  the  arctic,  where  solar- 
activity  perturbations  to  the  upper  atmosphere  of  an  electrical  nature  are 
known  to  occur.  This  objective  has  likewise  been  met:  two  BEEPS  were 
launched  from  the  Naval  Arctic  Research  Laboratory  (NARL)  at  Point  Barrow, 
Alaska. 

The  scientific  goal  of  finding  an  electrical  coupling  between  solar  acti¬ 
vity  and  tropospheric  weather  cannot  be  achieved  with  two  balloon  flights  but 
this  program  has  demonstrated  the  capability  of  the  BEEPS  for  acquiring  the 
necessary  data  to  test  electrical  coupling  mechanisms  within  the  lower  atmo¬ 
sphere  . 
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Milestones 


March  1977:  Received  contract. 

March-September  1977:  Planning  and  design  specifications. 

Beginning  September  1977:  Prototype  payload  subassembly  construction  and 
testing  (M.  F.  Stewart,  engineer);  sensor  prototype  construction  and 
testing  (A.  J.  Weinheimer,  graduate  student). 

November  1977:  Meeting  with  Bob  Enderson  and  Ken  Tekrone  of  Raven  Industries 
to  discuss  balloon  design. 

November  1977:  Initiation  of  negotiations  with  the  Naval  Arctic  Research 

Laboratory  regarding  support  for  balloon  operations. 

December  1977 :  Meeting  with  H.  J.  Christian  (Co-Investigator)  regarding 

program  plans  and  progress. 

January  1978:  Purchase  order  for  two  balloons  completed. 

February  1978:  MFS  and  AJW  went  to  Raven  Industries  in  Sioux  Falls,  S.  D.,  to 
modify  balloon  gores  prior  to  final  assembly  of  balloons. 

Beginning  March  1978:  Construction  and  testing  of  two  balloon  payloads  and 
two  sets  of  balloon  sensors. 


May  1978:  Shipped  ballons,  payload,  and  supporting  equipment  (shipped  air 
freight)  to  NARL  (5/22/78);  personnel  departed  for  NARL  (5/23/78  and 
5/25/78). 

June  1978;  Equipment  arrived  at  NARL  (6/3-4/78).  Presented  seminar  on  BEEPS 
at  NARL  (6/1/78).  BEEPS-1  flight  (6/8/78).  Solar  Magnetic  Sector 
Boundary  Crossing  (SMSBC)  (6/10/78).  (BEEPS  launches  coordinated  with 
NOAA  prediction  of  SMSBC.)  BEEPS-2  flight  (6/12/78).  Departed  NARL 
(6/14/78). 

Beginning  September  1978:  BEEPS  data  analysis. 

October  1978:  Seminar  on  BEEPS  given  at  Rice  University.  Presentation  on 
BEEPS  at  ONR-Arllngton. 

December  1978:  Preliminary  results  presented  at  Fall  AGU  meeting,  two  papers. 

January  1979:  AAF  and  AJW  attend  workshops  on  the  Role  of  the  Electrodynamics 
of  the  Middle  Atmosphere  on  Solar-Terrestrial  Coupling. 

February  1979:  Begin  theoretical  study  for  Marshall  Space  Flight  Center  on 
atmospheric  electrical  coupling. 

May  1979:  A.  J.  Weinheimer's  M.S.  Thesis  "Design  and  Preliminary  Evaluation 


of  a  Balloon-Borne  Instrument  for  Measuring  Atmospheric  Electric  Pro¬ 
files"  published.  No-cost  extension  to  31  October  1979  given. 


November  1979:  Request  for  continued  funds  declined. 

June  1980:  Letter  to  ONR  regarding  patentability  of  BEEPS  conductivity 
sensor. 

July  1980:  Letter  from  ONR  Patent  Counsel  requesting  additional  information. 

September  1980:  Letter  to  ONR  Patent  Counsel  supplying  additional  infor¬ 
mation. 

October  1980:  Letter  from  ONR  Patent  Counsel  requesting  additional  informa¬ 
tion 

December  1980:  Final  Report  —  The  question  of  patentability  of  the  conduc¬ 
tivity  sensor  is  still  outstanding,  but  we  decided  to  file  the  final 
report  in  order  to  "close  the  books"  on  this  contract. 


Conclusions 


The  BEEPS  performed  as  designed  and  clearly  demonstrated  the  possibility 
of  measuring  vertical  profiles  of  the  atmospheric  electrical  paramet  »  with 
small  balloon  systems.  The  only  surprise  element  that  we  had  not  anticipated 
was  the  effect  of  turbulence  around  the  balloon  in  the  early  part  of  the 
flight  owing  to  the  very  rapid  rise  rate.  This  turbulence  interferred  with 
the  conduction  current  measurement  but  not  detrimentally  with  the  electric 
field  or  conductivity.  We  detected  a  small  change  in  the  positive  conducti¬ 
vity  in  the  lower  arctic  stratosphere  between  the  two  BEEPS  flights.  (BEEPS-1 
did  not  reach  its  peak  design  altitude  owing,  we  think,  to  a  premature  firinq 
of  the  positive  recovery  system;  however  the  data  received  was  sufficient  to 
see  this  lower  stratospheric  effect.)  We  have  no  way,  with  just  two  measure¬ 
ments,  of  determing  if  this  observed  difference  is  related  to  the  solar  magne¬ 
tic  sector  boundary  crossing  or  some  other  natural  occurence. 

We  believe  that  the  results  prove  that  BEEPS  can  perform  the  task  for 
which  it  was  designed  and  that  this  system  should  be  deployed  as  a  part  of  a 
coordinated  research  effort  utilizing  high  altitude  ballons,  satellites, 
radar,  etc.  to  study  the  atmospheric  electrical  coupling  problem  from  space 
down  to  the  Earth's  surface. 

The  concept  development,  proof  of  concept,  and  fliqht  testing  of  the 
BEEPS  is  completed.  Our  work  will  continue  to  see  that  the  information 
generated  in  this  first  phase  and  that  the  theoretical  investigations  from  the 
NASA-MSFC  supported  research  is  published.  We  believe  it  is  now  appropriate 
to  plan  for  a  next  phase  in  the  research  area. 


Appendix 


Contents: 

(1)  Abstract  of  paper  at  1978  Fall  AGU  meeting. 

(2)  Abstract  of  paper  at  1978  Fall  AGU  meeting. 

(3)  Copy  of  news  article  from  the  December  16,  1978 

News . 

(4)  Copy  of  M.S.  thesis  of  A.  0.  Welnheimer  (only 

Arlington). 


issue  of  Science 


in  copy  for  0NR- 


(5)  Copy  of  Ph.D.  thesis  of  A.  J.  Welnheimer  (only  in  copy  for  0NR- 
Arlington) . 


Meteorology 


with  model  at  around  0.1  i m  and  ?.0  \m  part  lei* 
alMtar.  The  mmber  concentration  at  the  upper 
■ode  If  ttrwily  variable  In  space  and  tine  The 
effects  on  the  aerosol  size  distribution  and  on 
Um  optical  properties  of  the  atmoiphere  of  alti¬ 
tude  (distance  fro*  sources),  cloud  nucleatlon, 
city  pollution  and  power  plant  effluents  are  pre¬ 
sented  and  discussed 
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A{ U SOt  CHARACTER lit  ICS  AT  CCOAR  MOUNTAIN.  UTAH 
».  f.  Pueichel 

h.’  k.  STTeeTTbOth  at:  IRt/HOAA,  Souider.  Co.  00)03) 

Ae  revolt  war#  measured  «t  Cedar  Hoyataln  (33* 

II'  •;  110*  3?'  W.  2334  *  HSl)  In  v^ppdrt  of  a 
visibility  study.  In  estw  ntturiaentt  by  air¬ 
craft  Show  Out  in  (Ka  lower  boundary  iayar  the 
aerosol  sixa  distribution  has  eodat  at  0.1  \m  and 
1.0  ym  within  tha  diameter  range  0.08  pm  S  0  S  50.0 
lia.  Support ive  analysis  of  filter  deposits  of 
aerosols  by  scanning  electron  ale  rote op y  and  X-ray 
ana r py  dispersive  spectrometry  shows  that  the  two 
■odes  correspond  to  two  different  site  distribu¬ 
tions  that  era  chemically  and  physically  distinc¬ 
tive:  Tha  aerosol  doninat ing  tha  lower  part  it  la 
madm  consists  of  spheres  wade  up  of  elements 
I  ifhtar  than  todiin,  lha  aerosol  dominating  tha 
ends  at  1.0  |n  consists  of  both  spherical  and 
nontper leal  particles  of  alaents  heavier  than 
sodiwa.  Sulfur  la  the  abundant  eiaawnt.  followed 
by  silicon,  calcium,  aliwinui  Changes  in  the 
physical  and  chemical  aerosol  characteristics 
were  mt  strong  enough  to  eapiein  changes  in  visi¬ 
bilities  that  wra  observed  between  January  and 
July.  1977-  it  it  concluded  that  visibility  is 
mt  strongly  affected  by  tha  total  aerosol  con¬ 
centration  which  Is  data  rained  by  edvectlve  and 
convective  processes  of  tha  atnosphera. 


possible  trreers  op  ahthrofocenic  sulfur 

SOURCES  CM  nut  ST1ATOSPV1CR1C  SUL  PAH  AEROSOL 
LATER 

J.  Fat  Lack 

0.1.  1m 

LC.  Uhl t tee  (ell  at  NASA-Aaaa  feeearch  Center. 

Moffett  Plaid.  CA  94035) 
t.P.  Turca  (t  aad  D  Aaaoclataa.  Karina  del  Cey. 
CA  90291) 

F.  Saaill  (Syateaa  aad  Applied  Science*  Cor?., 
lagtee,  VA  23M«> 

Aeraapaca  activities  la  tha  high  etaoaphera 
aad  raleaae  of  carbonyl  aulflda  lo  the  tropo- 
ephera  caa  pectutb  tha  etretoapharic  aaroaol 
layer.  It  hea  been  suggested.  for  exaapla.  that 
epaca  abut  tie  rocket  aogtaea  eight  deposit  e 
elgelf leant  meeker  of  ilwlaia  oelda  particle* 
af  mil  else  In  the  uppac  etaoaphera;  thaee 
part  idea  could  eerva  ae  condeneatlon  nuclei  for 
■.SO.  leading  to  uv.  Urge  g  SO  pact  Idea  end 
ciuld  thua  elgnlf leant ly  altar  the  optical  depth 
ef  the  aaroaol  layer.  Futuce  aircraft  flying  lo 
tha  lower  atratoephare  could  alao  cauae  pertur- 
katlaua  to  tha  aaroaol  layer  beeeuea  they  an  it 
eulfer  dice  Ida  end  aoot  farmed  lo  angina  combua- 
t Lea  proceaaea.  Finally  cackoeyl  aulflda  froo 
eutf ace  Induct  rial  aaurcea  will  rlaa  to  tha 
atcatoaphara  where  It  la  photolyaad;  tha  aulfur 
stems  aa  produced  undergo  a  ear  lea  of  react  lone 
leading  to  aulfur  dloaldo  and  eventually  aul- 
faclc  acid.  Valag  tha  lata  atcatoaphaclc  eero- 
aal  oadal  and  appropriate  cadlatlan  medals.  «n 
have  aaaaaaad  eelfuc  aourcaa  la  teroa  af  poa- 
elble  anaa  aurfaca  caparatwea  changaa.  Tha 
effect a  af  aacoapaca  eourcae  are  guile  ana 11 
(aueface  tanparatuca  changaa  af  0.01  C  oc  laaa), 
but  undec  cacteln  candle  lone  cackoeyl  aulflda 
Mia  a  Iona  night  be  alga  If  least. 

Thunderstorms  and  Atmospheric 
Electricity 

Goldfush  (HI).  Friday  0830h 
Roy  T.  Arnold  (Physics  Department. 
University  of  Mississippi),  Presiding 
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J.  C.  VUUtt  IHaval  Research  Laboratory 
Cod*  8320.  Mash ington,  OC  20J7SI 


A  recent  as  tana  Ion  of  the  theory  of 
the  turbulent  electrode  effect  wee 
tested  In  two  field  eapec isents .  Dey- 
t late ,  fair-weather  profiles  of  positive 
and  negative  conductivity  In  the  lowest 
5*  above  the  ground  were  seaiuced  at 
various  mean  wind  speeds.  The  total 
current  flowing  to  flush-mounted  Wilson 
plates  was  compecad  between  one  antenne 
covered  with  a  chicken-wite  screen  and 
another  eaposed  to  the  ambient  field. 
The  results  of  the  former  asperiment 
tend  to  support  theoretical  predictions 
that  the  profiles  of  the  two  components 
of  conductivity  approach  one  another  as 
the  turbulence  intensity  inereesss  and 
that  both  components  decrease  toward 
xero  et  the  ground  la  approached.  The 
latter  esperiment  indicates  that  the 
partition  of  total  current  density  into 
conduction  and  convection  currents  is 
different  from  that  predicted  by  theory 
near  the  surface. 
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MEASUREMENT  OF  ATMOSPHERIC  ELECTRIC 
SPACE  CHARGE  DENSITY  PLUCTUAT10NS 

R.  V.  Anderson  (Naval  Research 

Laboratory.  Code  8325,  Washington, 

OC  20375) 

An  Instrument  it  described  which  is 
designed  to  be  selectively  sensitive  to 
turbulent  fluctuations  of  etmoapharle 
space  charge  density  In  eddy  site  ranges 
as  small  as  5  cm.  Tha  instrument  con¬ 
sists  of  s  doubly  screened  Faraday  cage 
shade  in  the  form  of  i  I.Sca  cube  of  wire 
mesh  screening  which  Is  maintained  at 
ground  potential  through  a  sensitive 
electrometer  which  has  usable  frequency 
response  up  to  several  hundred  Herts. 

A  double  layer  of  grounded  shield 
screening  isolates  the  measuring  elenent 
from  external  electrostatic  fields; 
allowing  it  to  respond  only  to  the  net 
atmospheric  charge  within  its  volume. 
Natural  ventilation  of  tha  sensor  pro¬ 
duces  an  output  current  proportional  to 
changes  In  this  volumetric  charge.  The 
instrument  Is  described,  end  date 
spectra  are  presented  indicating  agree¬ 
ment  with  the  theory  of  turbulent  mixing 
of  etmospherlc  charges. 
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TIME -DEPENDENT  ELECTRIC  FIELDS  IN 
CLEAR  AIR  AND  MODEL  CLOUDS 

M.  L.  Boecfc  (Dept,  of  Physics,  Niagara 

University ,  NY  14109) 

Calculations  have  been  made  to  specify 
the  time-dependent  electrical  environ¬ 
ment  In  which  cloud  physical  processes 
occur.  Particular  attention  la  paid  to 
el ec trie  fields  with  periods  from  I  to 
20  minutes  at  altitudes  between  2  and  12 
kilometers.  The  cloud  model  it  dynami¬ 
cally  and  electrically  passive  without 
any  form  of  convective  transport  or 
separation  of  charge.  The  differential 
equation,  valid  when  the  total  current 
(conduction  current  and  displacement 
current)  la  divergence  free,  has  been 
solved.  The  electric  field  et  a  function 
of  frequency  and  altitude  has  been  evalu¬ 
ated  for  an  atmoaphare  with  a  conductiv¬ 
ity  profile  at  given  by  Cole  and  Plerca. 
The  propagation  of  the  field  depends 
strongly  on  the  ratio  of  conduction 
current  to  the  displacement  current. 

When  the  displacement  current  la  dominant 
the  atmoaphare  with  or  without  clouds  is 
transparent  to  time  dependent  electric 
fields  (i.e.),  there  la  very  iittia  dif¬ 
ference  between  the  field  at  cloud  levels 
and  at  ground  laval.  Whan  tha  conduction 
currant  la  dominant,  tha  alactrlc  flald 
la  aaaantltlly  equal  to  the  sir-earth 
current  danalty  divided  by  the  local 
conductivity,  Tha  change  in  air-earth 
current  due  to  the  model  cloud  has  been 
evaluated.  Tha  net  affect  on  the  time 
dependent  electric  flald  within  a  cloud, 
la  that  tha  magnitude  ef  tha  electric 
fields  are  somewhat  smeller  then  tha 
values  predicted  from  direct  currant 
theories. 


ATMOSPHERIC  ElECTRICAl  *ASu*f*fkTS  MO  THf 
SOUR  MAGNETIC  SECTOR  STRUCTURE 

Andrew  J.  Welnheleer 

XrtHur "A.  Tew,  Jr7  (both  dt:  Dept,  of  Space  Fhys- 
Id  «Ad  Astronomy.  Ale*  University.  Houston, 
n  77001) 

Hugh  J.  Chrlsits*.  Jr.  (Research  and  Development 
Olvlslon,  New  Ntslco  Institute  of  Mining  A 
Technology.  Socorro.  NM  07801) 

A  balloon-borne  Instrument  has  been  developed 
for  the  purpose  of  staking  fair  weather  atmospher¬ 
ic  electrical  measurements.  The  Instrument, 
named  la  1  loon  Electrical  Environment  Profiling 
System  (IEEPS),  Is  sleflar  In  principle  to 
balloons  flown  previously  Into  thunderstorms  by 
our  group  at  Rice.  11  has  the  tapeblllty  of 
measuring  the  height  profiles  of  the  vector  elec¬ 
tric  field,  the  atmospheric  conduction  current, 
and  the  polar  conductivities.  The  balloon  was 
designed  to  make  measurements  up  through  the 
lower  polar  stratosphere  (14  km),  and  the  first 
two  flights  Of  0£  EPS  have  been  made  In  conjunc¬ 
tion  with  a  solar  magnetic  sector  boundary  cross¬ 
ing,  with  one  flight  on  either  side  of  the  boun¬ 
dary.  These  flights  are  a  first  step  In  an  ef¬ 
fort  to  measure  and  understand  the  electrltal 
response  of  the  atmosphere,  as  a  function  of 
altitude,  to  the  solar  sector  structure.  Know¬ 
ledge  gained  from  such  flights  may  prove  valu¬ 
able  to  the  development  of  an  understanding  of 
those  aspects  of  the  sun-weather  problem  that 
also  Involve  the  solar  sector  structure.  Results 
from  these  flights  will  be  presented  along  with  a 
brief  description  of  the  instrument. 
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KEAStmCMEWTS  OF  THE  ELECTRICAL  EWU7T10M  OP  • 
NEW  KCX1CO  THUNDERCLOUD. 

M.  J.  Chrutlm 
C.  a.  Hoot* 

S.  J.  Munyedy  (all  at  i  H*v  Mexico  InfUtw  of 

Wining  and  Technology,  Socorro,  m  t?#01i 
J.  W.  Pul  lock  lAiro,  Inc.  P.O.  Aoa  7J1  Colorado 

Springe.  CD  AOVlOl 

On  IT  August  1977  ve  etudlad  an  laoletod  thun¬ 
dercloud,  centered  appro* ueately  lour  kllametera 
nor  th-eeet  of  Langmuir  Laboratory,  ulth  the  OMR/ 
PUNT  Sc  hue  1  tear  airplane  and  our  vertically 
arannjnp  3  cm  cloud  physics  radar.  The  cloud 
lormmd  soon  af  tec  09>00  NST  and  the  laitial  radar 
echo  waa  detected  around  10t0*.  Ttw  echo  inten¬ 
sified  theraelter  and  a  precipitation  shaft  use 
observed  near  cloud  baas  alter  10:14  «ST  The 
airplane  made  Its  Initial  penetration  of  tha 
cloud  at  10 ■  OS  NST  and  mede  e  total  of  twenty-two 
penet ret  Iona  over  the  next  hour  and  a  half.  The 
time  lap*#  photographs  show  vigorous  turrets  grow¬ 
ing  from  the  lower  cloud  starling  at  about  10:2* 
NST. 

St  10 i SO  NET  the  vertically -scanning  radar  indi¬ 
cated  a  peak  reflactivity  of  «•  dbl,  equivalent  to 
a  tain  tata  La  eeceaa  of  10  m/Kr  All  of  our 
electric  flald  measurement#  indicated  negllbla 
cloud  electrification  up  to  this  time.  The  cloud 
became  electrified  shortly  before  10tJ2  NST.  an 
eirvlane  penetration  at  10:12  JO  NST  measured  e 
meeimtm  field  strength  of  7  KV/e;  the  firat  light - 
a Ing  occurred  at  10iS4:S2  NST.  Electric  flald 
a  tr  eng  tha  greater  than  100  KV/a  were  measured  am 
subsequent  penetrations.  The  cloud  turrets 
reached  their  apogee  at  Hi 04  NST  and  subsided 
thereafter.  The  frequent  lightning  ewled  after  a 
discharge  at  HiOlill  WST  although  rain  continued 
to  fail  from  the  cloud  until  lliIO  NST. 

In  this  relatively  staple  store,  the  electclcel 
activity  seamed  to  be  strongly  correlated  with 
the  vertical  development  of  the  cloud.  Our  obser¬ 
vations  ere  similar  to  those  reported  earlier  by 
Ayers  •  Rraham  and  by  Reynolds  and  RrooA. 
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ELECTRICAL  POWER  FROM 
PRECIPITATION  MECHANISMS  FOR 
THUNDERSTORM  ELECTRIFICATION 

».».  Williams  (Dept,  of  Earth  and 
M a net ary  Sc 1 tncti ,  NIT,  Cambridge, 

MR.  021)9) 

Thoorlas  of  thunderstorm  electrifica¬ 
tion  bated  on  qteviietional  separation 
rely  on  the  gravitational  potential 
energy  of  precipitation  which  la  but  a 
amall  fc act  Ion  11-5%1  of  the  thunderstorm 
energy  budget.  To  obtain  a  teal liable 
upper  bound  on  the  steady  state  electric¬ 
al  power  evai table  In  pceclpltet Ion  mech- 
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Tectonophysics 


4 k«t*4  lain  4 •natty  (luttMtiMt  «t  ikwt  1.4 
AD  fro*  tha  ti«.  Strong  4m lar«t ton  tOMM*4  at 
•bout  0.4  tu  froa  th«  awn  U  tha  eaaa  of  tha  dla- 
t urbane*  ganarata4  by  tha  aolar  flora  On  April  30/ 
21h,  1974.  Thaaa  liMplrt  tuil**'  tha  aalatanca 
al  at rang  platon  4acalaratlon.  Om  tha  othar  band, 
tha  dlaturkanca  ga*arata4  hy  tha  nolar  flats  on 
Aug.  7/lSh,  1972  propagaca4  with  aonataot  spaed 
(1000  ks/aac)  ••  far  ••  2  A0  froa  tha  am. 

*MA5-H1C  P oat-Doc total  Aaaoclata. 


SIMULATION  OP  AN  1  WTEXyLOfrTAIF  PERTVR8AT10N  IT 

a  TiME-omNoncT^Tbo-oiKENSiaRia.,^*®  numerical 
MODEL 

C.  O’ Oat on  (C.E.8.K. ,  0ol*#ralte  Paul  Ssbactar, 
31029  Toulouaa  Codas.  Franca) 

N.  Dryer  (Spaca  Environment  Laboratory,  NOAA/ERL, 
Rowldar,  Colorado  *0303) 

S.  T.  Mu 

S.  M.  Hao  (both  at:  University  of  Alabsna  la 
tuntavllla.  Huntsville,  Alabama  33007) 

A  waartttl  end*  la  uaad  to  toaaatlgata  tha  In¬ 
fluence  of  several  paranatora  ol  aa  loltlal  pula# 
at  It  l(  on  tha  propagation  and  cha  dava lopment  of 
a  perturbation  la  an  angular  aacter  of  tha  equa¬ 
torial  plana  of  tha  aun  Thlo  coda  was  llrat  uaad 
4y  tha,  Kao  and  Dryar  (Planar.  Spaca  Scl..  1979,  la 
praaa)  to  aolva  a  aat  of  aquae  Iona  for  a  tin*- 
dapandent,  rwo-d lucnalonal  HMD  nodal  for  a  ooa 
llutd  aolar  wind  vtth  adiabatic  capaaalon.  Tha 
•actor  of  tha  aolar  equator tal  plana  la  90*  wlda 
and  aacaoda  Iron  18  R#  to  274  l«.  Tha  tolrlal 
pula*  la  aat  arbitrarily  ac  rha  lnnar  boundary  aa- 
•ualng  that  a  shock  wav*  la  alraady  formed.  Ira 
parameter*  are  cha  velocity  of  cbv  ahock  front, 
tha  aogular  width  of  tha  perturbation  aad  lta  dur- 
acton  at  18  R,.  Tha  Influence  of  rhaaa  parameter* 
have  bean  caatad.  It  la  ahown  that  In  any  caaa 
tha  tine  delay  barwaan  16  Rs  and  226  Rc  depend* 
on  rha  total  anount  of  energy  released  by  tha 
pulae;  thta  depandanca  ta  acrooger  with  tha  tott- 
lal  ahock  valoctty  chan  with  tha  angular  width. 
Alao  It  appears  that  eh#  ahock  wave  propagate*  ac¬ 
cord  tog  to  a  power  law  el  tha  lnvaraa  of  time 
(l-t"°).  Another  result  ta  that  tha  longttudtnal 
•stent  of  tha  parturbatton  •(  1  JUI  *****  to  be 
only  a  function  of  tha  t t*r  alapaad  after  tha  ar¬ 
rival  of  Cha  ahock  front  at  chla  distance.  7c  fa 
alao  shown  that  tha  raveraa  ahock  which  la  forwii 
altar  a  few  hours  raachaa  only  a  Halted  aslant 
In  longttude  relative  to  tha  central  direction  of 
rha  pula*. 


PIONEER  10  OBSERVATIONS  OF  lVEEAELANETAAT 
SHOCK  MAVIS  1FT0WD  4  A0  HELIOCENTRIC  01  STANCE 


i  Kaaaarch  Canter, 


J. O.  HI ha low 

K. K.  Col lard 

j.a.  Volf •  (all  at:  kasa-A 
Molfatt  Plaid,  CA  94033) 


TWaty-two  corot a ttng- type  latarplanatary 
•  Socks  have  bam  tantattvaly  ldantlflad  in  tha 
Fiona  a  r  10  Aaai  plaana  analyser  data  frm 
D*c«btr,  1974.  ro  July,  1975.  aa  tha  apncacralt 
traveled  f  ron  6.2  ta  7.7  AD  hallocantrte  dla- 
tsjtca.  Hourly  ample*  of  aolar  wind  plaana 
pnranatara  ware  uaad  to  locate  candidate#  iar 
•hacks,  and  than  nor a  detailed  data  war* 
Inspected.  Tha  signatures  af  12  of  thaaa  appear 
ta  ha  thoea  of  iormrd  ahocka.  because  of  non- 
canttnuoua  spacecraft  tracking,  11  of  tha  22 
tentative  ahock  avmta  occurred  in  a  data  gap  at 
least  3  hours  long.  Vhan  cohered  and  canbinad 
with  cha  shock  statistic*  af  Snlth  and  Molls  for 
Pionaar  10  aad  11  data  ta  Daca^ar,  1974  (ST1P/ 
77  Naatlag),  aa  accurranca  rata  of  about  10  par 
100  day*  la  ohtaland  lor  the  1974-5  data,  and 
•Wvt  14  par  100  daya  for  1971,  whan  tha  tn 
•paeacraft  are  at  laaa  than  5. 1  AD  hallocantclc 
dtaraaca.  Tha  proportions  ai  farward  and 
raveraa  type*  appear  about  tha  sane  far  all  rba 
abaervatlena.  Tha  tnccaaaa  la  convactlva  energy 
acraaa  a  forward  shock  at  7.  7  AO  caa  be  ••  large 
•a  4  a  10'"  arga/en1. 


latarplanatary  discontinuities  have  baa*  le¬ 
va  a  tig  a  tad  at  hallocantrte  dlatancaa  between  1 
and  8.5  A0  ualrvg  Pionaar  10  and  11  vector  Sal  tun 
nagnatonatar  ekaarvat Iona .  Tha  principal  purpose 
af  Cha  study  wna  to  Investigate  a  poaalbla  dapaa- 
aanca  af  tha  rata  af  ocaurtaoca  and  proparclaa  of 
tha  discontinuities  on  radlol  distance.  This 
abjactlva  taqulrad  a  aaparatleo  of  apatlal  and 
tmporal  var tattoo*  using  tha  alaultaaeoua,  near-  \ 
ly  e oatlnwoua  data  f row  both  apacacraft.  Dtacoo- 
t lnultlaa  ware  ldaatlflad  using  carefully  daval- 
opnd  criteria  that  ware  shown  re  be  comparable  to 
thoaa  uaad  lo  aarllat  atudtaa  but  which  ar#  (till 
•  ppllcabla  la  tha  weak  nagoatie  fields  typical  of 
large  radial  dlatancaa.  Tanporel  chaagaa  In  tha 
rata  of  occurrence  averaged  over  Bartala  aolar 
rotatloaa  ware  wall  corralatad  at  Pioneer  10  and 
11  which  wars  separated  by  a  distance  of  •  2  AD. 
Tha  tin*  variation*  consisted  of  a  alow  Modula¬ 
tion  oi  tha  rata  of  occurrence  such  that  succes¬ 
sive  incraaaaa  and  decreases  para&atad  lor  arv- 
ar«l  nontha  at  a  tine,  presumably  aa  a  raault  of 
changing  aolar  eoodltlona.  Tha  eerrelntlan  over 
widely  aaparatad  dtatancaa  la  no  at  alaply  tatar- 
preted  by  a  nodal  lo  whtch  cha  dtacoat loult tea 
originate  In* Id*  1  All,  probably  osar  tha  Swo,  and 
ara  eoavactad  outward  by  tha  solar  wind.  Clear 
ev Id *oc «  of  a  dactaaae  lo  the  rata  of  occurrence, 
p,  with  dlatanca  has  bean  obtained.  Tha  alnul- 
r*ncou*  rataa  Iron  tha  two  apacactaft  rrvaal  that 
this  dacraaaa  la  wall  apetoaimetad  on  tha  avaraga 
by  tha  function,  e-50  implying  a  radial 

gradiaot  of  232  par  AD.  This  gradient  nay  be 
apparaot  and  dnaa  not  aacaaaarlly  imply  that 
dlaeoot loulttaa  actually  occur  laaa  frequently 
at  large  radial  dlatancaa.  Tha  decreased  rate  nf 
occurraoca  nay  ba  associated  with  an  Increasing 
thlcknaaa  ol  tha  d tacont lnutt tea. 


SOLAN  CYCLE- DEPENDENT  NORTH -SOUTH  FIELD 
CCNF1CURAT IONS  OBSEgVID  IN  SOLAR  WIND  COROTAT1NL 
INTERACTION  REC10NS 

Ronald  L.  Rosenberg  (both  at:  leal,  oi  Ceophya. 
aad  Flatiet ary  Fhy«.t  UCLA,  L.A..  CA.  90074) 

Paul  J.  Colanan,  Jr.  (alao  at  Dept,  ol  Earth  and 
Spaca  Science,  UCLA) 

The  raaulta  of  superposed  epoch  analyaaa  of  IMF 
cowponenta  In  corotating  Interaction  region* 
observed  with  Pionaar  10  in  3972-3  iron  -7.3*  to 
♦3.4*  and  1  to  5  AU  indicate  that  la  about  tvo- 
thlrd*  of  tha  regions,  at  both  aorth  and  aouth 
hallographlc  latitudes,  tha  N-S  conponent,  h*. 
wn  anhaared  and  aagative  la  tha  forward  portion 
(obaarved  llrat).  The  rear  portion  had  an  en¬ 
hanced  positive  kg.  The  arinuthal  cotq>oneat  alan 
wit  enhanced  aad  reversed  atga.  Superposed  epoch 
analyaaa  of  Kg  t*  toteraetto*  region*  la  data 
takan  with  other  apacacraft  froa  1964-1973  todf- 
catad  a  alntlar  systematic  coof tguratlon.  lo 
pra-1970  data  the  forward  portion  of  tha  lntar- 
•ctloa  ragtona  h*d  eahanead  aorthward  Kg,  on  the 
avaraga.  The  ftp  coof i gurat fn*  revaraed  phase 
oaar  tha  beginning  of  1970  aa  did  tha  dtpolar- 
ralatad  domlnaot  polarity  affect.  Th#  observed 
ltald  eonflguratloa  coo  ha  daaertbad  for  tbe 
nodal  of  tha  IMF  la  which  a  near  equatorial 
currant  sheet  separates  ftalda  of  oppoatte 
polarity  derived  froa  tha  aatanaion  of  tha  aolar 
dtpola-llka  ftald.  F*r turbat tone  In  tha  wlclntty 
of  an  lotaractlon  regton  cause  tha  field  ltaaa 
rapraamttag  tba  IMF  to  bulge  away  ftoa  tha 
curraot  ahaat  in  tha  najnrlty  ol  case*. 


iNTEAFlANtTARF  01 JCONT1NU1TTES :  TEXTURAL 
VARIATIONS  AND  THE  RADIAL  C RADI  EXT  FROM 
1  to  8.5  A0 

I.  J.  Smith 

8.  T.  Tawrataal  (bath  at:  Jat  Prapulaloa 
Laboratory,  Paeadaaa,  CA  91101) 
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iiTEwmtmiT  ctjudjt  skstt  aid  mack  me 

FIELD  SECTOR  STWCTURI 
f.L.C.  da  Oonaalaa 

«.D,  Qonaaiag  ( both  alt  laatltata  da  Faa- 
qulaaa  kapeolaln-ZKFg,  Conaolbo  Iealon*l 
da  Daaeirvelalaanio  Claaliflao  •  Tocaold- 
pi.o-atFq,  32700  Slo  Joed  deo  C*apo«,  ST, 

Braall) 

Sons  avldaaoaa  of  a  abort  and  3*ng  Vara 
kakarlar  of  tba  la  tar  pi  an  a Vary  oa^natla 
field  a  actor  structure,  based  on  statistical 
atudlaa  carried  out  wl  tb  dally  value*  of 
tba  polarity  of  tba  interplanetary  naynatlo 
field,  will  ba  presented.  Tbia  study  sup¬ 
ports  tha  Idea  af  an  letarplaoatary  aurrant 
abaai  aoaavhat  tilted  wttk  raapaot  ta  tba 
ecliptle  plana,  giving  rise  baaieally  to  a 
long  iam-tao  sector  patters  for  tha  la  tar- 
plan  a  Vary  aagnatU  field  aboarvad  at  Kartb- 
3 one  consequence*  af  tba  iataraatloo  of  tba 

Copyright  ratervad  by  awthort.  This  page  nay  be  freely  r op led. 


latarplanatary  o  arrant  sheet  and  a*  a  oa  la  tad 
oaynatla  a  true  tore  (Irrvolvir*  sectors,  k  lake 
and  folds)  with  ataynaioapboria  ourracto  will 
ba  discussed. 


5LTT0R  Ram  DART  PASSAGE  FORECAST  INC 

C.  8.  Macknjn  (Spaca  Environment  Services 
heater,  NOAA,  Rouldar,  Colo.  80303) 

P.  H.  Sc h# rear  (latt.  for  Plata*  tetaarcb 
via  Crespi,  Staaford,  Caltf.  94303) 

A.  J.  Nainhaiacr  (Spaca  Phytlca  Dept.,  Rtca 
University,  Houston,  Tata*  77001) 

In  Jieie  of  1978,  iha  Spaca  tavironaem 
Service*  Caatar  autcassful ly  foracatt  a  slgaif- 
lcaat  aolar  aacter  boundary  pa*sage  la  » upper i 
of  a  short  sana*  of  scientific  balloon  launches 
conducted  by  Rica  University  •>  Felat  Aarrow. 
Alaska.  Oaily  solar  acan  aagnatic  field  aaas- 
uranents,  aada  at  Stanford,  and  lnfarencas  of 
the  iatarplaaatary  aagnattc  field  direction, 
based  on  tha  streagth  of  tha  Thula,  Creealaad 
aagnetic  field  Z-compoaent ,  were  asad  to  aaka 
tha  forecast s.  The  technique  of  forecast  tag 
selected  sigaificaat  boundary  passages  ta  de¬ 
scribed,  as  wall  as  the  net hod  of  monitoring 
tha  interplanetary  ftald  direction  to  daterstnc, 
ta  aear  real  ttae,  whether  the  predicted  pas¬ 
sage  has  actually  taken  placa.  The  prediction 
of  stgaificant  boundary  passages  is  thought  to 
be  useful  to  the  research  cowmnity;  thus,  a 
•  ev  1 ia it  ad  5 ESC  service  (iavelviag  forecasts 
and  alerts  of  significant  boundary  passages) 
is  anaouncad. 


Tectonophysics 


Trenches,  Arcs,  and  Back  Arc 
Basins  of  the  Western  Pacific: 
General  Results  of  OSOP  and 
General  Paper* 

El  Dorado  (JT).  Monday  0800h 
Robert  Scott  (Dept.  Geology.  College  ol 
Geosciences. Texas  A&  M  Univ.), 
and 

George  Klein  (Dept.  Geology.  Univ.  ol 
Illinois),  Presiding 


MIUKC  USWI.T5  WO*  If C  it,  DSflT.  1.  IM 
SHU01U  1AS1N  WtH  IMITO  1 10CT  MW- »«j IH  rmilCl 
Of  THL  HO.Tff.tSTf  RN  PHILirPINt  SU 

George  deVries  8>eia.  Ocpt.  of  Grolegy,  Uhiv.  al 

Illinois  at  U rbana- Charts ign.  Urbane. 1L. 41 801 
Ratuo  Kobayashi,  Ocean  tesaarch  last.. Uni*  of 

Tokyo,  1 - 1 S • 1  Miaaaidai,  Nakano-ku,  Toyko  144, 

Japan 

UC  38  Scientific  Staff 

Leg  58  drilled  three  sites  (447.441.444)  la 
the  Shikoku  back-arc  fasia  and  two  la  tha  Delta 
8idg*-*nd  Sasin  provlaca  (443,444).  Shikoku 
Sasia  sites  penetratad  heaipelaglc  clsvs  overly 
iag  tholeilt  ic  pillow  aad  tatmslve  basalts. 
Sasalt  sills  intruded  both  sadlnrtits  and  pillow 
lavas.  Age  of  eldest  sadinents  was  18*21  nyRE 
(447).  and  14  15  aySF  (443,444).  Oldest  sedia 
ent  aga  at  442  toiacidrs  with  Magnetic  anonaly  6 
age  far  this  Bite,  whereas  oldest  sedinmt  ages 
•t  441  aad  444  are  at  variance  with  nagnettc 
aaonaly  6A  age  for  those  sites  These  results 
show  that  the  Shikoku  Satin  was  thsratteritad 
by  a  history  of  post • spreading, of f- ridge  voice* ■ 
Isa  that  obscured  true  sediarai/baxraent  agas, 
and  nay  accmoit  for  the  high  heat  flow  and 
rough  topography  of  the  baste.  Our  data  appear 
cosqtatlble  with  ail  proposed  spreading  nodels 
suggested  for  the  basin 

The  Daito  Ridge  aad  test a  Frovince  sites  (443. 
446)  consist  of  an  uppet  pelagic  lettrval  and  a 
lower  section  of  volcanic  last tc  turblditas 
liatrudad  by  71  basalt  sills  at  44)  Mgnetir 
lacliaat ion  data  suggest  that  this  region  drif¬ 
ted  north  •  distaace  of  1,000  k*  ftoa  an  equal 
etial  latitude  dutiag  the  past  SI  wy ,  Although 
basement  was  not  reached,  drill  lag  tern lasted 


EARTH  SCIENCES 

Susan  West  reports  from  San  Francisco  al  the  fall  meeting  of  the  American  Geophysical  Union 

Adding  to  the  ocean  crust  mystery 


Until  Woods  Hole  Oceanographic  Institution's  Alvin  took  a 
closer  look  at  the  mid-Atlantic  Ridge  during  the  summer  of  1978, 
oceanographers  thought  only  one  type  of  basalt  — called  pillow 
basalt  because  of  its  frothy  appearance  —  was  pushed  out  of  the 
spreading  ridges  onto  the  ocean  crust.  But,  says  H.  Paul  Johnson 
of  the  University  of  Washington,  Alvin's  deep-towed  camera 
confirmed  what  earlier  work  on  the  Galapagos  Rift  suggested: 
that  basalts  also  exist  in  thin  horizontal  sheets  and  in  thick, 
mass' vc  units. 

Johnson  says  the  three  types  may  represent  different  stages  of 
ridge  activity.  The  thick  units  may  represent  rapid  outpourings 
of  magma  along  very  young,  long  fissures.  The  thin  sheets  may 
mark  slower  flows  from  narrowed  channels  and  the  pillows 
could  result  as  the  sources  of  magma  close  to  a  single  point. 

The  pillow  basalts  —  which  have  been  extensively  studied  — 
were  thought  by  some  to  account  for  the  magnetic  structure  of 
the  ocean  crust  alone,  says  Johnson.  Now.  he  says,  researchers 
will  have  to  consider  the  magnetic  properties  of  all  three  types. 
"They  represent  a  third  of  the  ocean  crust  we  just  didn't  know 
was  there,"  he  says. 

Solar  magnetic  field  polarity:  Part  one 

The  polarity  of  the  sun's  magnetic  field  changes  as  it  rotates. 
The  point  where  it  changes  is  called  a  sector  bou  ndary  crossing. 
The  irregular  changes  in  polarity  have  been  postulated  to  cause 
electrical  changes  in  the  earth's  atmosphere  which  in  turn  may 
affect  the  weather  (SN:  12/31/77,  p.  423). 

Last  June,  when  researchers  at  Rice  University  decided  to 
study  the  possible  electrical  changes  before  and  after  a  bound¬ 
ary  crossing,  they  found  one  small  problem:  They  had  no  way  to 
tell  when  a  crossing  would  occur.  Gary  Heckman,  chief  of  the 
National  Oceanic  and  Atmospheric  Administration's  Space  Envi¬ 
ronment  Services  Center  in  Boulder,  Colo.,  came  to  their  rescue. 
At  the  meeting,  he  described  the  first  attempt — and  a  successful 
one  —  to  predict  a  boundary  crossing. 

A  telescope  at  Stanford  University's  Institute  for  Plasma  Re¬ 
search  measures  the  mean  magnetic  field  of  the  sun — the  sum  of 
the  polarities  of  the  regions  of  the  sun  facing  earth.  A  ground- 
based  magnetometer  at  Thule.  Greenland,  allows  researchers  to 
infer  the  direction  of  the  sun's  magnetic  field  and  thus  mark  the 
date  of  polarity  changes  after  they  occur. 

Having  monitored  the  mean  magnetic  field  and  the  sector 
boundary  crossings,  Heckman  and  his  group  knew  that  the 
crossings  typically  are  registered  on  earth  three-and-a-half  to 
four-and-a-half  days  after  the  mean  field,  as  measured  from 
Stanford,  nears  zero.  When  the  Rice  researchers  contacted 
Heckman  at  the  last  minute  from  their  launch  site  in  Point 
Barrow,  Alaska,  the  noaa  group  came  up  with  two  dates  which 
they  predicted  would  just  straddle  the  crossing.  They  picked  the 
exact  crossing  date  within  one  day.  Real-time  data,  from  the 
isee-c  satellite  for  example,  could  pinpoint  the  crossings  even 
more  precisely,  says  Heckman. 

Solar  magnetic  field  polarity:  Part  two 

Andrew  J.  Weinheimer  of  Rice  University  was  there  to  com¬ 
plete  the  story.  The  boundary  crossing  studies  marked  the  first 
two  flights  of  a  balloon-borne  instrument  called  beeps  (Balloon 
Electrical  Environment  Profiling  System).  While  other  similar 
instruments  hang  below  the  balloon  as  it  carries  them  aloft, 
beeps  sits  inside.  In  addition,  the  aluminum-coated  surface  of  the 
four-meter-diameter  balloon  is  actually  part  of  the  instrument; 
the  static  electricity  created  by  the  plastic  balloons  of  other 
systems  often  interferes  with  measurements.  Taking  continuous 


readings  up  to  14  kilometers,  the  system  measures  the  electric 
field  intensity  and  direction,  the  ability  of  the  air  to  conduct 
electricity  and  the  air-to-earth  current. 

Based  on  their  preliminary  data,  Weinheimer  said  the  atmos¬ 
pheric  electrical  property  most  alfected  by  the  change  in  solar 
magnetic  field  polarity  seems  to  be  conductivity.  The  positive 
ion  conductivity — the  ability  of  positive  ions  to  carry  conductiv¬ 
ity —  appears  to  have  been  greater  before  the  polarity  change 
than  after  it.  he  said.  The  Rice  team  hopes  to  have  beeps  monitor 
the  same  properties  daily  for  an  entire  27-day  solar  rotation. 

Measuring  continent  growth 

James  R.  Lawrence  of  Lamont-Doherty  Geological  Observa¬ 
tory  has  calculated  that  the  continents  may  have  grown  a 
minimum  of  five  percent  and  a  maximum  of  40  percent  during 
the  past  three  billion  years.  If,  as  some  researchers  believe,  the 
uppermost  ocean  sediments  riding  atop  the  ocean  plates  are 
scraped  off  as  the  plates  move  under  the  continents,  the  conti¬ 
nents  have  grown  by  five  percent,  Lawrence  says.  Based  on 
measured  fluctuations  of  Ou  in  deep  ocean  sediment  cores, 
Lawrence  says  additional  material  from  the  volcanic  layer  of  the 
ocean  crust — called  layer  two — may  have  increased  the  conti¬ 
nents  another  35  percent. 

■  The  concentration  of  0“  depends  on  the  type  of  reaction  that 
occurs  between  the  ocean  crust  and  seawater.  Low  temperature 
reactions  between  ocean  basalts  and  seawater  use  up  O'*  and 
create  hydrous  material. 

Because  of  its  high  water  content,  such  material  is  not  likely  to 
descend  into  the  mantle  without  further  alteration.  High  tem¬ 
perature  reactions,  on  the  other  hand,  produce  O1"  and  easily 
subducted  material.  Because  the  ratio  of  O1"  to  O'*  in  the  ocean 
crust  has  remained  constant  over  geologic  time.  Lawrence  ob¬ 
served  that  either  more  high  temperature  reactions  must  occur 
or  the  C'-depleting  hydrous  rock  must  be  removed  in  order  to 
preserve  the  ratio.  The  measurements  of  O'*  fluctuations  indi¬ 
cate  that  not  enough  high  temperature  alteration  occurs  for  that 
process  alone  to  be  responsible  for  maintaining  the  oxygen 
isotope  ratio.  However,  Lawrence  says,  five  to  15  percent  of  the 
volcanic  layer  is  hydrous.  The  addition  of  this  material  to  the 
continents,  which  would  increase  their  sizes  by  as  much  as  35 
percent,  could  preserve  the  proper  isotope  ratio. 

Interpreting  seismic  wave  decay 

Seismologists  have  long  been  able  to  use  changes  in  the  speed 
of  seismic  waves  to  determine  the  thickness  of  the  crust  and  the 
size  of  the  earth's  core.  However,  they  have  not  known  how  to 
interpret  the  varying  rates  at  which  seismic  waves  decay  or  die 
away.  Don  L_  Anderson  of  California  Institute  of  Technology 
described  a  theory  based  in  materials  science  that  may  allow 
scientists  to  quantify  the  physical  conditions  reflected  by  chang¬ 
ing  decay  rates. 

Imperfections  in  crystals  determine  how  they  respond  to  dif¬ 
ferent  physical  conditions.  Laboratory  tests  of  stress  and  tem¬ 
perature  on  crystals  show  that  they  absorb  more  energy  under 
higher  stress  and  at  higher  temperature.  Anderson  and  co¬ 
worker  J.  B.  Minster  postulate  that  the  same  mechanisms  oper¬ 
ate  in  the  mantle:  Where  the  mantle  temperature  is  high,  the  • 
energy  of  seismic  waves  will  be  absorbed  quickly  and  the  waves 
will  decay  very  rapidly.  Likewise,  areas  of  high  stress  wilt  absorb 
energy  quickly  and  seismic  waves  will  not  propagate  far.  labora¬ 
tory-determined  calibrations  will  allow  scientists  to  inler  tem¬ 
perature  distribution  in  the  earth’s  mantle  and  to  track  stress 
buildup,  Anderson  says. 
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